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Abstract. Amplitude and phase variability are commonly found in many different types
of pulsating stars. This suggests a common, presently unknown physical origin. We have
examined the phenomenon in several δ Scuti stars with extensive data and find the beating
of close frequencies to be responsible. This is demonstrated for the star FG Vir by testing
the relationship between the observed amplitude and phase variations. Most close frequency
pairs are situated near the observed or theoretically predicted frequencies of radial modes.
The large number of detected close frequencies excludes the possibility of accidental fre-
quency agreements.
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FG Vir
1. Introduction
The search for the astrophysical origin of the
observed amplitude and phase variability as-
sociated with stellar pulsation concerns many
different stellar pulsators in vastly different
stages of stellar evolution. We refer to this phe-
nomenon as the Blazhko Effect, which was no-
ticed by Blazhko (1907) in the RR Lyrae star
RW Dra. These variations are quite common
in RR Lyrae stars, e.g., Szeidl (1988) mentions
an occurrence of 20 - 30 % in the RRab stars.
However, a large number of different types of
pulsators in different stages of evolution also
show amplitude and phase variability on non-
evolutionary time scales. Examples are clas-
sical cepheids (e.g., Breger 1981), sdB stars
Send offprint requests to: M. Breger
(e.g., Kilkenny et al. 1999), β Cephei stars
(Lehmann et al. 2001), White Dwarfs (e.g.,
Handler et al. 2003), and δ Scuti stars.
Regrettably, the physical origin of these
variations are not yet known. This might be
caused by the lack of extensive observational
data to distinguish between different hypothe-
ses.
2. Origin of amplitude variability in
δ Scuti stars
δ Scuti variables are excellent candidates to ex-
amine the phenomenon because of the avail-
able extensive studies of selected stars. These
multiperiodic stars are in the main-sequence or
immediate post-main-sequence stage of evolu-
tion. Similar to the situation in White Dwarfs,
the amplitude variability can be very extreme:
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Fig. 1. Amplitude and phase variations of the 12.154 c/d frequency in FG Vir. The open circles represent
the observations, while the dotted line is the two-frequency fit. The diagram shows that the variations can
be explained by two independent frequencies separated by 0.0078 c/d and an amplitude ratio of 0.19. Note
the correct signature of beating: the time of minimum amplitude corresponds to the time of average phasing
and the most rapid phase change. Also note the excellent agreement between the different years.
a star may change its pulsation spectrum to
such an extent as to appear as a different star at
different times, at least in its pulsational behav-
ior. However, detailed analyses of the δ Scuti
star 4 CVn showed that the modes do not com-
pletely disappear, but are still present at small
amplitudes (Breger 2000).
For the majority of the well-studied δ Scuti
stars, frequency pairs with frequency separa-
tions less than 0.1 c/d can be seen in the
power spectra. These pairs may be a reflec-
tion of close frequencies, amplitude variabil-
ity of a single mode or observational errors. It
is possible to distinguish between true ampli-
tude variability and beating of two close fre-
quencies: In the Fourier spectrum, two close
frequencies beating with each other appear as
a single frequency with variable amplitude and
phase. The resulting amplitude and phase vari-
ations are mathematically related. The most
extreme and easily recognizable situation oc-
curs when two close frequencies have the same
amplitude: this leads to a half a cycle phase
shift at the time of minimum amplitude of
the visible (single) frequency. In general, the
largest phase change (of an assumed single fre-
quency) occurs at the time of minimum ampli-
tude. Therefore, it is possible to separate beat-
ing from true amplitude variability by study-
ing the relationship between the amplitude and
phase variations of an assumed single fre-
quency. For the star BI CMi, Breger & Bischof
(2002) showed from detailed phase-amplitude
tests that the amplitude variability was the re-
sult of beating of separate modes with close
frequencies.
We can now apply the test of the close-
frequency hypothesis to a number of modes
found in the extensive new photometric data of
FG Vir (Breger et al. 2005). This data set pro-
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vides coverage over 98, 160, 165 nights in the
years 2002, 2003 and 2004, respectively. Let
us now examine the 12.154 c/d mode. The fol-
lowing approach was adopted: the photomet-
ric data were subdivided into bins each cover-
ing approximately one week. For each bin, the
best amplitude and phasing was computed as-
suming a single frequency. (More details con-
cerning the use of data obtained through differ-
ent filters as well as the elimination of effects
from the other modes present in the star can be
found in a paper presently in preparation to be
sent to MNRAS.) Fig. 1 shows the variations
in amplitude and phase for the three years. In
this figure, the uncertainties were calculated by
using the standard relations for calculating am-
plitude and phasing uncertainties (Breger et al.
1999).
The variations are similar in all three years
with a beat period of 128d. Another important
result is that the phase changes are coupled
to the amplitude changes. In particular, mini-
mum amplitude occurs at the time of ’average’
phase and the time of most rapid phase change.
As already mentioned earlier, this is an im-
portant signature of beating between two close
frequencies. The visual result is confirmed by
a two-frequency model with the optimum pa-
rameters of frequency, amplitude and phase
determined by PERIOD04 (Lenz & Breger
2005). An excellent agreement is obtained for
both the amplitude and phase changes with the
two-frequency model. If we extend the analy-
sis to include the 1995 data, we also find an
excellent agreement between the predicted and
observed amplitudes and phases of the earlier
measurements.
We conclude that the amplitude and phase
variations of the 12.154 c/d frequency can be
explained by the beating of two close frequen-
cies. The analysis has been repeated for a num-
ber of other pulsation modes in FG Vir. The
results are the same: the amplitude and phase
variability is caused by beating of close fre-
quencies.
3. Affinity for radial modes?
Multifrequency analyses of the photometric
data of the δ Scuti star FG Vir coupled with am-
plitude and phase tests (previous section) show
that the star contains 18 sets of close frequen-
cies with a frequency difference smaller than
0.1 c/d. The frequency distribution of close fre-
quency pairs may contain important informa-
tion about their physical origin.
In Fig. 2 we have plotted the frequency
values at which the close pairs occur. Also
shown are the computed frequencies of the
radial modes of FG Vir using the model
which best fits all the photometric and spec-
troscopic data and also fits the radial funda-
mental mode frequency to the observed fre-
quency 12.154 c/d. At the present time, only
this mode has a secure detection and identi-
fication as radial mode (Breger et al. 2005,
Daszynska-Daskiewicz et al. 2005). One more
observed mode, 16.071 c/d, was identified by
Daszynska-Daskiewicz et al. (2005) also as a
radial mode, the frequency is close to the ex-
pected value for the first overtone, and an ob-
served close pair occurs here too (16.071 and
16.091 c/d). However, this mode identification
has to be confirmed independently with differ-
ent methods.
The figure shows that the majority of the
close frequencies are found near expected ra-
dial modes. This suggests that an accumulation
of nonradial modes around the radial frequen-
cies may occur. The situation is similar to that
observed in RR Lyrae stars (Olech et al. 1999),
but important differences should be stressed.
In RR Lyrae stars, radial modes always dom-
inate in the frequency spectrum. Also, the fre-
quency spectrum of nonradial modes is much
sparser and mode trapping is less effective in
Delta Scuti stars than in RR Lyrae stars.
4. Are the close frequencies
accidental?
Two δ Scuti stars (BI CMi and FG Vir) have
such extensive data coverage with excellent
frequency resolution so that the relationship
between the amplitude and phase variations
could be examined in detail. The results fully
support the interpretation of beating between
two (or maybe more) close frequencies. If we
consider the fact that more than 75 frequencies
have been detected for FG Vir with values be-
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Fig. 2. Frequencies of close pulsation modes for all pairs with a separation less than 0.1 c/d. The y-axis
represents the frequency separations of the pairs. The positions of the computed radial modes are shown. We
note that most of the close frequency pairs are situated near the expected frequencies of the radial modes.
tween 5.7 and 44.3 c/d, the question arises of
whether such agreement could be accidental.
In particular, we need to calculate the proba-
bility of accidental agreements.
Let us consider the 12.154 c/d pair with a
separation of 0.0078 c/d. If we assume a ran-
dom distribution of frequencies and adopt a
Poisson distribution, we obtain 0.02 expected
pairs. Of course, the frequencies are not dis-
tributed at random. If we adopt a particularly
dense region, viz., the 9.5 to 13. 5 c/d region,
we predict 0.03 pairs. For two or more pairs
detected in a star, an explanation of all agree-
ments being caused by accident must be re-
jected.
We conclude that in the δ Scuti variables
with extensive photometric data, the amplitude
and phase variability associated with some pul-
sation modes are caused by close frequencies,
rather than intrinsic amplitude and phase varia-
tions. Furthermore, most of the close frequency
pairs found in FG Vir (and in some other stars
such as BI CMi) are not accidental. The ques-
tion arises whether this result also holds for
other types of pulsating variables with known
amplitude changes.
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